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ENGINEERING 
(Semi-Annual Report, January-June, 1959) 
Under the direction of F. H. Spedding, L. E. Burkhart, G. Burnet, 
R. W. Fahien, R. W. Fisher, G. Murphy, E. H. Olson, 
M. Smutz and D. R. Wilder. 
Chemical Engineering 
1. Solvent Extraction Mechanism (M. Smutz) 
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The purpose of this research is to learn more about the method by which 
a solvent (tributyl phosphate) extracts a solute (neodymium nitrate) from an 
aqueous solution. Three different solvents were made by starting with each 
of the following alcohols: ( 1) n butyl, (2) iso butyl, and (3) secondary butyl. 
Infrared spectrographic analyses were made of each of the purified solvents 
in combination with the solute and nitric acid. Equilibrium data have been 
obtained using each solvent. Results show that the normal tributyl phosphate 
solvent has a higher solvent capacity until near saturation where all three 
solvents behave similarly. 
2. Solvent Extraction Equilibria (M. Smutz) 
In separating rare-earth nitrates by solvent extraction using tributyl 
phosphate as a solvent, the number of stages required is large because of 
the low separation factors encountered. By using chelating agents such as 
6 
ethylenediaminetetraacetic acid, (EDT A) it is possible to improve the separation 
factors between the adjacent rare earths above gadolinium. Below gadolinium, 
the chelating agent decreases the separation factors. This result was not un-
expected after considering stability constants. The practical significance of 
these data will be determined. The results obtained indicate that chelating 
agents can be used to alter equilibrium data generally. 
3. Isotope Separation by Solvent Extraction (M. Smutz) 
A 11 b 1 . f . b N 14 d N lS . th . t . sma ut rea separation actor ex1sts etween an 1n e n1 r1c 
acid-tributyl phosphate-water system. A simulated column :J:"un using many 
stages and a large amount of aluminum nitrate as a salting-out agent is planned 
in order to obtain enough data to evaluate the potentialities of the method. 
4. Effect of Vapor Properties on Entrainme.nt from Bubble Cap Trays 
(G. Burnet) 
Entrainment from bubble cap trays and similar liquid-vapor contacting 
apparatus is frequently a serious problem in the processing of radioactive 
materials. The purpose of this project is to develop an improved correlation 
for predicting entrainment from bubble cap trays . 
All correlations now available have neglected the effect of vapor viscosity 
and have, to some extent, approximated the effect of vapor density and 
velocity through the tray. Thus far in this investigation three different gases 
of widely differing properties have been used in a small test column and the 
amount of entrainment produced determined as a function of the gas (vapor) 
viscosity, density and velocity·. 
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The test unit consists of an 8-inch diameter, 4-tray, non-overflow column 
with a single bubble cap centrally located on each tray. Water is used as the 
test liquid and the different gases as the "vapor". The amount of entrainment 
is determined by adding a small amount of caustic to the water on the test 
tray and then titrating the liquid on the tray above where the entrainment has 
been collected. A high degree of reproducibility has been obtained using this 
technique . 
Data taken to date have confirmed the fact that vapor viscosity does have 
a measurable effect on the amount of entrainment. It is now proposed to use 
these data to develop a general correlation for predicting entrainment which 
will take into account all characteristics of the liquid, vapor and tray design. 
Future work calls for tests using a fourth gas which will have different 
properties than the three previously tested. Data for these experiments will 
be used to add validity to those previously obtained. In addition, a parallel 
project is planned in which a 3- component liquid system that will provide a 
wide range of fluid properties will be used to test the effect of fluid properties 
on the general correlation for predicting entrainment. 
5. Performance of a Scheibel Extractor (L. E. Burkhart) 
Drop size of the dispersed phase in Scheibel packing has been measured 
as a function of flow rates and inlet drop diameter for the methyl isobutyl 
ketone-water system. With five inches of packing, the exit drop size was 
essentially constant over a wide range of flow rates of both phases. The exit 
drop size was essentially constant at 2. 5 mm. for inlet drop sizes greater 
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than 2. 5 mm. With fifteen inches of packing, the exit drop size fell to 2. 2 mm . 
but remained constant for inlet drop sizes greater than this value . 
For inlet drop sizes lower than the critical value, some growth occurred 
as the drops passed through the packing. However, for a drop size of about 
1 mm. which is approximately that encountered in many Scheibel cohunns, very 
little coalescence appeared to take place in the packing. 
Hold-up of the dispersed phase is now being studied for Scheibel packing 
to determine what portion of the hold-up in an operating extractor can be 
attributed directly to the properties of the packing. 
6. Two Phase Disperser (E . H. Olson) 
The removal of a metallic impurity from a molten metal by extraction into 
a second immiscible molten metal is a method of purifying some metals. This 
method is applicable to the reprocessing of spent metallic uranium reactor fuels 
to remove either fission products or plutonium or both. To be effective , molten 
metal extraction processes will require compact and efficient extractors. 
The two phase disperser is compact .!and will disperse both immiscible 
phases simultaneously and continuously and can be operated within a containing 
vessel as a continuous countercurrent flow extractor. Four preliminary 
exploratory countercurrent flow extraction runs have been made using a 
stainless steel disperser and a water - carbon tetrachloride system with propionic 
acid as the distributable solute. The number of theoretical stages attainable 
with a 4-inch distance between the dispersing points were determined. Flow 
rate ratios of carbon tetrachloride-propionic acid feed to water of 0. 58 and 
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-2. 7, and total through~-put rates of -50 and 100 ml/min were used. The 
theoretical extraction stages varied between 0. 85 and 1. 13 which compares 
favorably with other countercurrent extraction columns employing agitation or 
redispersion and in which the height of a theoretical extraction stage generally 
va-ries between four and seven inches. 
The operating conditions which give the greatest extraction efficiency 
using the water-carbon tetrachloride-propionic acid system will be determined. 
7. A Forced Convection Loop for Circulating Liquid Lead-Bismuth Mixtures 
(G. Burnet) 
The goal of this project is the design, construction, and operatj.on of a 
forced convection loop for circulating l'iquid metals. The loop is to be used in 
a series of experiments concerned with pyroprocessing, e. g., heat transfer, 
fluid flow and vapor-liquid equilibria studies . Various preliminary phases of 
the project are discussed below. 
( 1) Dynamic corrosion tests. The test system to be used in the loop is 
the Pb-Bi eutectic. Corrosion tests in a specially designed spinner 
apparatus have been used to provide a basis for selecting the best 
container material for the eutectic. 
The best resistance to corrosion has been found in ferritic type 
steels (2-i- Cr-1 Mo, 9o/o Cr, 430 and 446). In the temperature range 
of interest (600°C to 900°C), the corrosion resistance has been found 
to decrease as the chromium content increases. 
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The spinner tests are carried out under isothermal conditions. The 
results from them are now being confirmed in small thermal loops in 
which one leg is maintained at a temperature higher than the other and 
flow of the liquid metal in the loop occurs due to a difference in density. 
At the present, a loop constructed of 430 stainless steel has been in 
operation for over 700 hours with the hot leg at 470°C, the cold leg 
at 230°C and a flowrate of 510 pounds per hour (0. 1 fps) . 
(2) Design and testing of flanged joints . The component parts of the forced 
convection loop will be assembled using flanged joints. The type-430 
stainless steel thermal loop described in (1) above was assembled 
using two of the promising designs previously tested for liquid metal 
service, These are a modified tongue and groove with a soft iron 
gasket and a standard tongue and groove which seals without a gasket. 
( 3) Construction of forced convection loop . The major components of this 
loop are: 
(a) A diaphragm type liquid metal pump. 
(b) A hot leg heated by a resistance furnace. 
(c) A water-cooled cold trap for removal of corrosion 
products. 
(d) A combination charge and expansion tank which is also used for 
inserting small metal specimens into the flowing metal for 
corrosion testing. 
All components are on hand and erection of the loop is 30% complete .. 
11 
. . ' 
8. Vacuum Distillation 6! Metals: Development of a Liquid Metal Cooled 
\ ' Condenser (G. Burnet) 
In the distillation of liquid metals a condenser is required that is ~apable 
of condensi.ng metal vapor into . a liquid (molten) 'form. The liquid thus produced 
can then be returned to the distillatio.n column ali reflux o;r be removed as a 
' ! • 
' • ' : • ' ., .1 ' •. \-
product. · The condenser is required whether the di,stillation is carried out 'in 
l . 
a batch wise o~ coritinuous manner. 
The unit designed and tested as a part of this project is cooled by boiling 
' . 
NaK. ·By controlling the pressure over .the NaK bi the condenser the temperature 
of the condensing surface can be controlled. The NaK vapor~ produced are 
condense.d on an oil,;.cooled surface and returned to the boiling liquid NaK. Tests 
made to dete~mine how well . the condensing surface temperature could be 
predicted gave the results shown in Table 1. 
Table i 
. c'ompa,rison·between Calculated' and Measured ~ondenser 
Temperature at Different Conde.nser Pressures 
Pressure over NaK 
30 .microns 
100 : mic'rons 
l4mm 
ZOmm 
Calculated 
Boiling Point of NaK, •c · 
345 
365 
475 
495 
Measure'd Condenser 
Temperature, •c 
'340 
360 
485 
505 
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The condenser has been installed in a stainles~ steel batch distillation 
apparatus in which lead, bismuth or mixtures of these two metals can be 
vaporized. The condenser will be tested at total reflux, total take-off, and 
partial take-off with reflux. 
9. Mass Transfer in Gaseous Streams (R. Fabien) 
Effective diffusivities for carbon dioxide in air streams have been 
determined for Reynold's numbers of 1, 500 to 10, 000 as· a function of radial 
and longitudinal position in a cylindrical four-inch tube. The diffusivity was 
found to decrease with radial position at all flow rates, to be almost inde-
pendent of longitudinal position at high flow rates, and to decrease with longi-
tudinal position at low flow rates. Average Peclet numbers were found to 
inc:rease with Reynold 1 s :number and to approach a limiting value at high 
Reynold's numbers. The limiting value compared favorably with the limit 
obtained in work on liquid systems. The effects of axial and molecular 
diffusion were believed to be significant at the low flow rates and to be 
responsible for the observed differences between gaseous and liquid lfystems 
in this region. 
10 . Neutron Distribution in Thermal Shields (R. Fabien) 
An IBM-650 program for generating neutron histories, using straight 
analogue Monte Carlo estimations of the capture distributions, has been 
written, debugged, and run. The techniques used in this program for 
generating the required random variables were satisfactory, although the 
program was found to be slow and inefficient. In addition, the three-layer 
shield treated by this program was ineffective in that a large percentage of 
the histories terminated by transmission. 
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An improved program which treats six alternating layers of iron and water 
of arbitrary thicknesses is now being written. The capture dist!ibutions will 
be obtained by a "statistical estimation" method in which the capture probability 
is accumulated at each collision and the neutron1 s weight is decreased by a like 
amount at each collision. Russian roulette will be used to terminate the 
histories . The random input will consist of random numbers, random expo-
nential deviates, and cosines of random angles. These input data will be 
randomly shuffled and reused as required. 
11. Preparation of Low Oxygen Content Yttrium Fluoride (G . . Burnet and 
E. Olson) 
A. By fluorination 
It was shown that the purity of yttrium fluoride prepared initially using 
hydrogen fluoride gas is improved by treating it with fluor in~ ( 1) at 25 o C and 
atmospheric pressure, or (2) at 600°C and 20 psig. The oxygen content of 
material containing approximately 400 ppm was reduced to approximately 
300 ppm. 
B. Ammonium bifluoride method 
It was found that a fairly low oxygen content yttrium fluoride could be 
prepared by reacting the oxide with ammonium bifluoride. The conditions 
found to be favorable for the conversion of the yttrium oxide to the fluoride 
using ammonium bifluoride were as follows: 
(l) Nine moles of ammonium bifluoride per mole of yttrium 
oxide were reacted at an initial temperature of 130 ° C 
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for 2 hours, followed by raising the temperature to 400°C 
and sparging with argon to remove the excess ammonium 
fluprides. 
(2) Seven moles of ammonium bifluoride per mole of yttrium 
oxide were reacted at an initial temperature of 230 ° C 
for 2 hours, followed by heating to 400°C and sparging 
with argon. 
(3) Seven moles of ammonium bifluoride per mole of yttrium 
oxide reacted at an initial temperature of 100-ll5°C 
for 2 hours under a vacuum, followed by heating to 400°C 
and sparging with argon. 
12. Fused Salt Extraction (E. H. Olson) 
A paper "Fused Salt Extraction of Magnesium from a Magnesium-Bismuth 
Alloy" by P. R. Josephson, E . H. Olson and M. Smutz was submitted for 
publication in IND. ENG. CHEM. 
Abstract-- This paper concerns the removal of magnesium from a 
3 mole o/o magnesium - 97 mole o/o bismuth alloy using a 54 mole o/o zinc 
chloride - 46 mole o/o potassium chloride fused salt. The reaction of 
ZnC12 + Mg -zn + MgC12 was the primary mechanism permitting the 
transfer. The effects of time, temperature, agitation, and size of 
equipment on the extent of extraction were determined. 
15 
Nuclear Engineering 
1. Slurry Program (G. Murphy)' 
The design of the subcritical nucle'ar assembly using an aqueous slurry 
of uranium oxide is being modified to improve the flow characteristics and · 
to reduce cost. The possibility of having the slurry flow through the core in 
a helical pattern· appears to have advantages. The analysis of the modified 
system is in progress and· some of the hydraulic features are being checked 
out experimentally. 
2. Electromagnetic Field Analogy for Neutron Diffusion Theory (G. Murphy) 
A report (ISC-1136) '?Electromagnetic Field Analogy for Neutron 
Diffusion Theory" by James R. Melcher and Glenn Murphy was distributed. 
Abstract- -It is shown that an analogy exists between the neutron 
flux as predicted by single- group neutron diffusion theory and the axial 
component of the electric field intensity in a field excited as a plane 
transverse-magnetic wave. The analogy is shown to be restricted to 
core regions of right-cylindrical geometry containing homogeneous 
mixtures of moderator and fuel. 
Two types of devices from which measurements may be taken are 
described and their l:lmitations are determined. A section of wave guide 
excited below cutoff is used to take measurements analogous to those 
taken from a subcritical pile · of infinite height. These measurements 
are shown to provide the buckling of a core of arbitrary cross-section 
by measuring an intensity distribution and the frequency of excitation. 
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The use of a cavity was found to be superior, since it provided the buckling 
by measuring only the frequency. The buckling could be determined, by 
using simple microwave devices, to an accuracy on the same order as the 
uncertainty of the cavity dimensions. As experimental evidence this was 
0. 3o/o for a cavity with a dimensional uncertainty of 0. 2o/o. The standard 
deviation of a set of measurements, using this equipment, was found to 
be less than 0. 05o/o. The experiment was found to provide a lo/o accuracy 
using cavities constructed by standard sheet metal techniques. 
Experimental techniques are described for measuring control rod 
worth for fully extended cylindrical control rods of arbit;p::ary cross 
section, and illustrative solutions are given for the cruciform and 
eccentric rods in a circular bare core. 
A method is described for predicting the flux distribution in the core 
region, and experimental results are shown for the circular core with 
and without control rods and a core of equilateral triangular cross- section. 
The theoretical flux distribution in an equilateral triangular core is 
derived for correlation with this experiment. 
3. Engineering Properties of Metals (G. Murphy) 
Regression equations have been developed for the endur:B.nce limit of 
uranium over a temperature range and anomalies near 400°C have appeared 
repeatedly. The photomicrograph studies of damage as evidenced by surface 
condition have been aided greatly with the color alteration that has been apparent. 
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The study of flexural creep has g iven rather conclusive evidence that plane 
sections do remain plane. This will greatly simiplify the analysis of flexural 
creep. The experimental work will be cont inued and correlated with tensile 
creep. 
4. Hot Loop Studies (R. W. Fisher~ 
A . Yttrium loop 
A uranium-chromium eutectic was circulated in an yttrium loop at l000°C 
for 250 hours. Some difficulty was experi enced in the initial heat-up of the 
loop since hot spots developed i n the sections not filled with the alloy. At the 
end of eleven days failure occurred in the s a inless steel sheath due to excess 
temperature. The system w as dis sected and sections were taken at critical 
points. Polished specimens indicated that there w as no mass transfer or any 
intermetallic attack on the yttrium. The yttrium tubing remained shiny and 
ductile and there w as no evi dence o f bulging. 
This first yttriurri loop experi ment demonstrated that the uranium-chromium 
eutectic can be pumped at temper·a ures up to 1000 ° C without attacking the 
yttrium container. It a ls o :indicated that stainless steel i s not satisfactory for 
use as a sheath since it is of insufficie nt strength at these high temperatures. 
In future design s , an incon.el sheath will be used wit h titanium spacers to 
prevent in.termetalli c attack. It pointed out that additional w ork is necessary 
in designing and welding a system of thi s type s ince t he w eight of this fuel far 
exceeds that of any previously used. F ittings will be redesigned and additional 
support will be added. 
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B. Niobium loop 
A thorium-magnesium eutectic was circulated in a niobium system for 650 
hours before automatic shutdown occurred due to a failure in the windings of 
the power supply to the electromagnetic pump. Sections of the loop were taken 
and a cursory examination showed no sign of mass transfer or erosion. Ad-
ditional metallurgical studies are being made and samples have been taken for 
spectrographic analysis. An improved circulating loop of niobium will be 
constructed as soon as materials are available. 
Ceramic Engineering 
1. Sintering Mechanism of Uranium Dioxide (D. R . Wilder} 
Pure U02 can be sintered to greater than 95% theoretical density by firing 
to 1700°C in a hydrogen atmosphere. It has been found by others that Nb2o5 , 
V 2o5 and TiO?' added in amounts less than one weight per cent, will give the 
desired high density at 1500°C. The purpose of this project is to study the 
fundamental mechanisms of sintering in uo2 and to determine how :~uch 
additives influence these mechanisms. 
Techniques have been developed for fabricating suitable specimens for 
the above study and to analyze these specimens. A hydrogen furnace has been 
constructed, and the initial firings of uo2 have been started. 
2. Refractory Characteristics of the MgO-CaF 2 System (D. R . Wilder} 
Variations in bulk and fired density have been observed, and found to be 
related to the particle size of the CaF 2 employed. The cross- bend strength 
of the fired mixtures of MgO-CaF 2 is likewise related to the initial particle 
size. Analyses and testing are being continued to correlate the variables 
and resultant properties. 
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3. Protective Film Characteristics of Molybdenum Disilicide (D . R. Wilder) 
Films of sufficient thickness to permit analysis have been developed by 
heating molybdenum disilicide rods for 7 to 28 hours at temperatures of 
1600-1700°C in air. The films have not been uniform enough to permit 
accurate conclusions, however . Fine powders are being analyzed by thermo-
gravimetric techniques. 
4. Protective Coating for Yttrium (D. R . Wilder) 
Protective ceramic coatings have been developed for yttrium metal. A 
hot stage microscope has been constructed to study these coatings which offer 
protection against oxidation in atmospheric air at temperatures as high as 
900°C . One of the major problems encountered is release of impurity gases 
from the yttrium during firing of the ceramic. Improvement of the yttrium 
purity should permit better protective coatings. Several coatings have been 
developed, all of which have lower neutron cross sections than the yttrium 
itself. 
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APPENDIX II: LIST OF SHIPMENTS 
Destination Item 
I 
Armour Research Foundation 200 gm crystal bar vanadium 
Illinois Institute of Technology 
Chicago, Illinois 
Physikalisches Institut der 3 rods cerium metal 
Technischen 
Muchen, Germany 
Argonne National Laboratory 
· Lemont, Illinois 
Karl S. Vorres 
State University of Iowa 
Iowa City, Iowa 
Biophysics Research Laboratory 
Peter Bent Brigham Hospital 
Boston, Massachusetts 
U. S. Bureau of Mines 
Boulder City, Nevada 
University of California 
Los Alamos Scientific Laboratory 
Los Alamos, New Mexico 
23 yttrium fluoride 
samples 
300 gm lanthanum metal 
300 gm cerium metal 
300 gm neodymium metal 
300 gm yttrium metal 
300 gm praseodymium metal 
300 gm gadolinium metal 
300 gm samarium metal 
5 gm praseodymium oxide 
5 gm neodymium oxide 
5 gm samarium oxide 
1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
1 gm dysprosium oxide 
1 gm holmium oxide 
1 gm erbium oxide 
1 gm ytterbium oxide 
200 mg ytterbium oxide 
200 mg thulium oxide 
200 mg lutetium oxide 
27 gm yttrium metal 
200 gm cerium metal 
200 gm lanthanum metal 
sample of octasodium salt 
of N,N,N',N'-tetrakis-
(phosphonomethyl)-1,2-
cyclohexanediamine 
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Destination 
University of Arizona 
Tucson, Arizona 
University of New Mexico 
Albuquerque, New Mexico 
Dr. Torgen Huus 
Universitetets Institut for 
Teoretisk 
Copenhagen, Denmark 
1' 
Atomic Energy Research 
Establishment 
Harwell, Berkshire, England 
Item 
20 gm Gd203 
20 gm Dy203 
20 gm Ho2o3 20 gm Pr6011 
20 gm Er2o3 
20 gm Yb203 
20 gm La2o3 
20 gm Ce2o3 
.5 gm ytterbium oxide 
.5 gm holmium oxide 
.5 gm thulium oxide 
10 gm erbium oxide 
1 gm yttrium metal 
1 gm lanthanum metal 
1 gm cerium metal 
1 gm neodymium metal 
1 gm praseodymium metal 
1 gm gadolinium metal 
1 giii lutetium metal 
1 gm erbium metal 
1 gm ytterbium metal 
1gm samarium metal 
1 gm terbium metal 
1 gm dysprosium metal 
1 gm holmium metal 
1 gm thulium metal 
.5 gm praseodymium oxide 
.5 gm neodymium oxide 
.5 gm samarium oxide 
1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
1 gm dysprosium oxide 
1 gm holmium oxide 
1 gm erbium oxide 
1 gm ytterbium oxide 
200 mg terbium oxide 
200 mg thulium oxide 
20p mg lutetium oxide 
1 gm lutetium metal 
Destination 
Carnegie Institute of ·Technology 
Pittsburgh, Pennsylvania 
Michigan Chemical Corporation 
St. Louis, Michigan 
California Institute of Technology 
Pasadena, California 
Professor Yngve Ohman 
Stazione Astrofisica Svedese 
Isola Di Capri, Italy 
27 
Item 
4 gm cerium metal 
J 10-gm samples yttrium 
metal 
1 gm N1.5 salt 
2 gm ammonium sulfate 
2 disks gadolinium metal 
